Microalgae represent a rich source that satisfies the growing need for novel ingredients of nutriceuticals, pharmaceuticals, and food supplements. Haematococcus pluvialis and Dunaliella salina microalgae are isolated from the Egyptian hydro-flora and are reported for their potent antioxidant activities. The cytotoxic activity of different fractions of both microalgae was investigated on 4 cell lines HePG2, MCF7, HCT116, and A549. The carotenoid rich fraction of H. pluvialis showed potent cytotoxic activity against colon cancer cell line and moderate activity against both liver and breast cancer cell lines. On the other hand, the carotenoid rich fraction of D. salina showed mild cytotoxic activity on breast and liver cancer cell lines. The carotenoid rich fraction of H. pluvialis was analysed using LC-DAD/ESI-MS and the major carotenoids were identified either free as well as bounded to fatty acids.
Microalgae represent a rich source that satisfies the growing need for novel ingredients of nutriceuticals, pharmaceuticals, and food supplements. Haematococcus pluvialis and Dunaliella salina microalgae are isolated from the Egyptian hydro-flora and are reported for their potent antioxidant activities. The cytotoxic activity of different fractions of both microalgae was investigated on 4 cell lines HePG2, MCF7, HCT116, and A549. The carotenoid rich fraction of H. pluvialis showed potent cytotoxic activity against colon cancer cell line and moderate activity against both liver and breast cancer cell lines. On the other hand, the carotenoid rich fraction of D. salina showed mild cytotoxic activity on breast and liver cancer cell lines. The carotenoid rich fraction of H. pluvialis was analysed using LC-DAD/ESI-MS and the major carotenoids were identified either free as well as bounded to fatty acids. (Folmer, Jaspars, Dicato, & Diederich, 2010) . The first report of marine algae used as anticancer, algasol T331, was in 1960s in Italy. However, the systematic investigation began in the mid-1970s. Although the medicinal use of algasol T331 has now been discontinued, it can be regarded as a milestone in the development of algal based drug discovery and ever since algal based drugs have gained increasing importance (Claudio & Stendardo, 1965) . Macroalgae and sea grasses first represented favourable candidates for the investigations for novel pharmaceutical compounds due to their abundance and the feasibility of their collection. Afterwards, with the advanced techniques of cultivation, microalgae started to present themselves as novel sources of pharmaceutical compounds.
Haematococcus pluvialis is a unicellular freshwater microalga belonging to Chlorophyta, family Haematococcaceae. It is distributed in many habitats worldwide and is common in small transient freshwater bodies. H. pluvialis is well known for the production of astaxanthin, a blood red coloured carotenoid that is responsible for its antioxidative action against environmental oxidative stress (Régnier et al., 2015) .
High amounts of astaxanthin are produced and rapidly accumulated in resting cells due to the exposure to unfavourable environmental conditions such as bright light, high salinity, and low availability of nutrients (Kobayashi et al., 1997) . The antioxidant activity of astaxanthin is underlined by free radical scavenging mechanism as assessed by different methods as ferric reducing antioxidant assay, trolox equivalent antioxidant capacity, oxygen radical absorbance capacity, and DPPH (2,2-diphenyl-1-picrylhydrazyl) free radical scavenging assay (Polotow et al., 2014; Régnier et al., 2015; Sueishi et al., 2012) . Therefore, H. pluvialis provides several health benefits and is considered one of the best food supplements specially for people with enhanced risk for heart attacks and can also be used for improvement in cognitive performance in Alzheimer's disease (Katagiri, Satoh, Tsuji, & Shirasawa, 2012) .
Dunaliella salina is a halophile unicellular green microalga belonging to Chlorophyta, family Dunaliellaceae. Dunaliella was first described in a hundred years and is considered responsible for most of the primary production in hyper saline environments worldwide. Dunaliella has become a convenient model organism for the study of salt adaptation in algae. The accumulation of β-carotene by D. salina under suitable growth conditions has led to its potent antioxidant effect. Moreover, D. salina showed antidiabetic activity in streptozotocin-induced diabetic rats (El-Baz, Khalil, Booles, Aly, & Ali, 2016) as well as neuromodulating effect against the development of Alzheimer's disease (Olasehinde, Olaniran, & Okoh, 2017) .
Cancer is the major cause of death in the 21st century, eventually leading to the killing of more than 6 million people annually (Rennie & Rusting, 1996) . Wherefore, an exponential increase has occurred in the research concerned with anticancer drug discovery.
Several reports suggested the relationship between antioxidant and anticancer activities. Li, Chan, Guo, and Yu (2007) (Abdo et al., 2013) . Cultivation was carried out in plastic bottles with capacity of 17 L containing 15 L of microalgal culture with continuous aeration. The culture temperature was 22 ± 3°C. Fluorescent light was used to supply constant light intensity ≈2,500 lx for the culture. The culture was harvested every 10 days by settling, and then the settled biomass was collected using centrifugation at 4,000 rpm for 10 min, then dried at 40°C. The culture temperature was 22 ± 3°C. Fluorescent light was used to supply constant light intensity ≈2500 lx for the culture with continuous aeration. Media was added twice a week. After 2 weeks, culture was left to settle down, the biomass was withdrawn, and collected by the electro flocculation (Zenouzi, Ghobadian, Hejazi, & Rahnemoon, 2013) .
| Preparation of algal fractions
The dried biomasses of H. pluvialis and D. salina were separately grinded thoroughly for cell wall disruption. The carotenoid fractions were prepared from both microalgae by solvent extraction as described by Fernández-Sevilla, Acién-Fernández, and Molina-Grima (2010) by using hexane, ethyl actetae (80:20), till complete exhaustion.
The residue of both microalgae are allowed to dry and further extracted with 70% methanol till complete exhaustion to render polar fractions. Each of the carotenoid and polar fractions from both microalgae were dried under reduced pressure in a rotary evaporator apparatus at temperature not exceeding 40°C till complete dryness, and the dried fractions were kept in dark bottles in the refrigerator at a temperature less than 4°C for further analysis.
| Cytotoxic effect on human cell lines
Cell viability was assessed by the mitochondrial dependent reduction of yellow MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide) to purple formazan (Mosmann, 1983) .
Procedure: All the following procedures were done in a sterile area using a Laminar flow cabinet biosafety class II level (Baker, SG403INT, Sanford, ME, USA). Cells were suspended in RPMI 1640 medium [(for HePG2-MCF7 and HCT116-DMEM for A549)], 1% antibiotic-antimycotic mixture (10,000 U/ml Potassium Penicillin, 10,000 μg/ml Streptomycin Sulfate, and 25 μg/ml Amphotericin B) and 1% L-glutamine at 37°C under 5% CO 2 .
Cells were batch cultured for 10 days, then seeded at concentration of 10 × 10 3 cells/well in fresh complete growth medium in 96-well microtiter plastic plates at 37°C for 24 hr under 5% CO 2 using a water jacketed Carbon dioxide incubator (Sheldon, TC2323, Cornelius, OR, USA). Media was aspirated, fresh medium (without serum) was added and cells were incubated either alone (negative control) or with different concentrations of sample to give a final concentration of 100, 50, 25, 12.5, 6.25, 3.125, 0.78 , and 1.56 ug/ml. After 48 hr of incubation, medium was aspirated, 40ul MTT salt (2.5 μg/ml) were added to each well and incubated for further 4 hr at 37°C under 5% CO 2 . To stop the reaction and dissolving the formed crystals, 200 μL of 10% Sodium dodecyl sulphate in deionized water was added to each well and incubated overnight at 37°C. A positive control that composed of 100 μg/ml was used as a known cytotoxic natural agent that gives 100% lethality under the same conditions (El-Menshawi et al., 2010; Thabrew, Hughes, & McFarlane, 1997) .
The absorbance was then measured using a microplate multi-well reader (Bio-Rad Laboratories Inc., model 3350, Hercules, California, USA) at 595 nm and a reference wavelength of 620 nm.
A statistical significance was tested between samples and negative control (cells with vehicle) using independent t-test by SPSS 11
program. Dimethyl sulfoxide is the vehicle used for dissolution of plant extracts and its final concentration on the cells was less than starting with 10 min isocratic at 100% A, followed by a gradient to obtain 50% B at 40 min, 100% B at 50 min, 100% A at 55 min, and isocratic 100% A from 55 min to 60 min at a flow rate of 1 ml/min.
The injection volume was 20 ml. Nitrogen was used as nebulizing gas at a pressure of 50 psi (Breithaupt & Schwack, 2000) .
The carotenoid fraction of H. pluvialis was dissolved in 2 ml methanol/tert-butyl methyl ether (1:1, v/v) that contained 1% BHT.
After membrane filtration (0.45 μm), an aliquot of the solution was subjected to the LC/MS system. The whole procedure was performed in dim light. Table 1 and Figure 2 .
| RESULTS
The results of the cytotoxic bioassay directed towards the investigation of the carotenoid fraction of H. pluvialis that showed the most promising activity.
The HPLC analysis of the carotenoid fraction of H. pluvialis led to the separation of 12 peaks that were identified by determining the prominent ion-peak resulting from each peak (Figures 3 & 4) . The determined peak is further bombarded by the electron spray causing its fragmentation. Retention times, molecular weights, and fragmentation patterns were used for the identification of carotenoids that were mostly esterified with fatty acids. Free fatty acids were also identified after comparison with on-line lipid libraries.
Astaxanthin, zeaxanthin and/or lutein, canthaxanthin, and Table 2 . et al. (2015) showed that the combinations of several carotenoids (e.g., lycopene, phytoene, and phytofluene) or carotenoids and polyphenols (e.g., carnosic acid and curcumin) and/or other compounds (e.g., vitamin E) synergistically inhibit the androgen receptor activity and caused a subsequent decline in the viability of prostate cancer cell line. Rokkaku et al. (2013) In our search for novel anticancer phytoconstituents, the cytotoxic effects of different fractions of H. pluvialis and D. salina algal biomasses were studied on the most prevailing cancer types in the Egyptian population namely liver, breast, colon, and lung cancer types (Ibrahim, Khaled, Mikhail, Baraka, & Kamel, 2014) . The carotenoids were first isolated from both microalgae, and then the residues were further extracted by 70% methanol in an attempt to differentiate between the effect of carotenoids and/or omega-3-fatty acids from the residual phenolics present in the algal biomass. The carotenoid fraction of H. pluvialis showed potent cytotoxic activity on colon cancer cell line with 100% inhibition of cell viability at a concentration of 0.1 mg/ml, Although the activity seemed to be related to the carotenoid fraction, the polar fraction of H. pluvialis also showed activity especially in the case of A549 lung carcinoma cell line. Astaxanthin and astaxanthin esters from H. pluvialis were also reported to be effective in inhibiting skin cancer (Rao et al., 2013) . Worth mentioning that the safety of an astaxanthin-rich H. pluvialis extract was assessed by Spiller and Dewell (2003) , and they reported that the ingestion of 6 mg of astaxanthin per day from a H. pluvialis algal extract can be safely consumed by healthy adults.
Unexpectedly, both the carotenoid and the polar fractions of D. salina showed weak cytotoxic activity on all four cell lines. A weak activity was noticed for the carotenoid fraction on MCF7 human caucasian breast adenocarcinoma with 48.3% inhibition, followed by the polar fraction on the same cell line with 26.9% inhibition.
The LC-DAD/ESI-MS of the carotenoid fraction of H. pluvialis led to the identification of the major carotenoids, namely astaxanthin, zeaxanthin, lutein, canthaxanthin, and β-carotene in free form and bounded to fatty acids (Breithaupt & Schwack, 2000; García-de Blas FIGURE 5 Chemical structures of astaxanthin, zeaxaanthin, lutein, canthaxanthin, and β-carotene signalling, regulatory mechanisms of cell cycle progression, cell differentiation, and apoptosis (Tanaka, Shnimizu, & Moriwaki, 2012) .
Apart from carotenoids, the fatty acids present in the form of esters were also identified and compared with those previously reported to be present in H. pluvialis (Abdo, Ali, & El-Baz, 2015) .
Omega-3-fatty acids were identified in the carotenoid fraction of 
